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Abstract 
This paper presents a detailed study focused on investigating the effects of fines content on the engineering properties of sand-
fines mixtures. Specimens with a low-plastic fines content of 0, 15, 30 and 50% by weight were tested in static triaxial and 
consolidation tests to determine such parameters as compression index, internal friction angle and cohesion. The test procedures 
were performed on specimens of three cases: constant void ratio index, e = 0.582; same peak deviator stress of 290 kPa; and 
constant relative density, Dr = 30%. The test results obtained for both the constant-void-ratio-index and constant-relative-density 
specimens showed that as fines content increased, the internal friction angle decreased, but cohesion increased. In testing of the 
same deviator stress specimens, both cohesion and internal friction angle were insignificantly altered with the increase in fines 
content. Furthermore, undrained behavior of sand-fines mixtures were recognized and discussed in three types of specimens. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of CUTE 2016. 
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1. Introduction 
In general, natural sand commonly consists of fines and sand particles with different proportions, and the fines 
content significantly affects the engineering properties of sandy soil. Until recently, few studies have reported on the 
behavior of granular sandy and/or clayey soil with different fines contents. 
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Information on the static properties of sandy soil, the stress-strain relationship, and the shear strength behavior 
were the main concerns of previous researchers. Thevanayagam [1] investigated the effects of non-plastic silt, 
intergranular void ratio, and initial confining stress on the undrained shear strength, and the results indicated that 
sand-silt containing greater than 30% silt exhibited the same behavior as silt. Thian and Lee [2] revealed that the 
undrained shear strength, soil modulus, and pore pressure decreased when the clay content increased. Kim et al. [3] 
performed a series of triaxial compression tests on soil mixed with various silt contents, and the results showed that 
the critical state friction decreased with the increase in fine aggregate content. Maleki et al. [4] found that the 
undrained behavior of sand mixed with various non-plastic silt contents can be described using an equivalent void 
ratio that takes into account the non-plastic fine participation ratio in the soil-bearing skeleton. Belkhatir et al. [5] 
determined the relationship between the undrained shear strength and the hydraulic conductivity of sand-silt 
mixtures and the void ratio of the soil. Other researchers reported that as silt content increased, the steady-state 
strength at the same void ratio initially decreased and subsequently increased in shear strength with further increases 
in the silt content to values greater than 30%. Hsiao and Phan [6] and Hsiao et al. [7] investigated the effects of silt 
content of static and dynamics engineering properties of sand-silt mixtures.  
In the current study, the Engineering properties of sand-fines mixtures were investigated using tests conducted in 
a laboratory. The test program employed static triaxial and consolidation tests with three types of specimens, i.e., a 
constant void ratio index of 0.582 (type A), the same peak deviator stress of 290 kPa with a confining pressure of 
100 kPa (type B), and a constant relative density Dr of 30% (type C) to understand the effects of low-plastic fines 
content on the results of the angle of internal friction, cohesion, and compression index of sand-fines mixtures. This 
work presents one case as a component of a broader research effort on the properties of locally available soils for 
construction in the Liouguei area of Kaohsiung city, located in Taiwan.  
2. Materials used 
A quantity of natural sandy soil was carefully sieved to separately obtain clean sand and fines particles. The fines 
particles are defined as the grain size of soil that is able to pass through a No. 200 (0.075 mm) sieve. The sand-fines 
mixtures were prepared from these two materials for the various following combinations.  
All tests were conducted with four sand-fines mixtures defined by dry weight: 100% sand plus 0% fines (sample 
1), 85% sand plus 15% fines (sample 2), 70% sand plus 30% fines (sample 3), and 50% sand plus 50% fines (sample 
4). Based on the ASTM D422 [8] method, the results of the grain size distribution curve for all of the sand-fines 
mixtures are shown in Fig. 1. The specific gravity test Gs was conducted in accordance with ASTM D854 [9] and 
yielded a value of 2.7. It should be noted that no applicable ASTM procedure exists for determining the maximum 
void ratio over the entire range of fines content investigated. The ASTM 4254 [10] method was limited to the 
determination of maximum void ratio with a maximum fines content of 15% in the mixture. Despite this limitation, 
the maximum void ratio was still tested according to this specification. Similar to the maximum void ratio, there was 
also no applicable ATSM procedure available for determining the minimum void ratio over the entire range of fines 
content investigated. The ASTM D4253 [11] was limited to determination of the minimum void ratio with a 
maximum fines content of 15%. ASTM D4253 was used to test the maximum density to obtain the minimum void 
ratio index. The variation of void ratio index with changes in the fines content of the mixtures is expressed in Fig. 2. 
As shown in Fig. 2, both the maximum and minimum void ratio of sand-fines mixtures are initially reduced with an 
increase in fines content until it reaches a minimum value at a limited fines content of 18% and  continuously 
increases with further increases in the fines content. The limit point was reached at 20% and 30% depending on the 
low- or non-plastic fines content [12, 13]. With a fines content less than this limited content, the structure was 
dominated by sand, and once this value was surpassed, the structure was converted to fines-dominated.  
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Fig. 1 Grain size distribution curves of the sand-fines mixtures 
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Fig. 2 Variation of the void ratio index with different fines contents in the sand-fines mixtures 
Table 1.  Basic physical properties of the sand-fines mixtures [6]. 
Test Sample 1 Sample 2 Sample 3 Sample 4 
Effective size, D10 (mm) 0.12 0.032 0.015 - 
Effective size, D30 (mm) 0.30 0.18 0.07 0.025 
Effective size, D60 (mm) 0.95 0.90 0.89 0.16 
Specific gravity, Gs 2.70 2.70 2.70 2.70 
Minimum dry unit weight, γdmin (kN/m3) 15.92 16.12 15.68 13.86 
Maximum dry unit weight, γdmax (kN/m3) 21.81 22.13 21.63 21.32 
Maximum void ratio, emax 0.696 0.675 0.722 0.948 
Minimum void ratio, emin 0.238 0.220 0.248 0.266 
Uniformity coefficient, Cu 7.92 28.13 59.33 - 
Coefficient of gradation, Cg 0.79 1.13 0.41 - 
Liquid limit, LL (%) - 17.93 20.83 26.24 
Plastic index, PI (%) - 3.12 5.04 6.73 
Unified soil classification system, USCS SP SM SC-SM CL-ML 
 
The basic physical properties of the sand-fines mixtures used in the laboratory are listed Table 1. It is clear that 
the fines consist of low-plastic particles that can be discerned by the liquid limit (LL) and plastic index (PI). 
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According to the Unified Soil Classification System (USCS), the classification of sand-fines mixtures with fines 
contents (FC) of 0, 15, 30 and 50% are graded as poor sand  (SP), silty sand (SM), silty clayey sand (SC-SM), and 
silty clay with sand (CL-ML), respectively.  
All of the tests were carried out on the specimens with various fines contents (FC), i.e., 0, 15, 30, and 50% by 
weight corresponding to the three types of specimens. Type A was conducted on specimen with same void ratio of 
0.582. Type B was carried out on specimens that had the same peak deviator stress of 290 kPa when tested in the 
triaxial test. To obtain the same peak deviator stress of 290 kPa, a series of samples 1 to 4 was gradually constructed 
with various void ratios as well as dry unit weights, and thereafter, each sample was tested on consolidated drained 
triaxial shear test with a confining pressure of 100 kPa to obtain the peak deviator stress. Selected specimens had a 
peak deviator stress of 290 kPa. Type C was performed on specimens with a constant relative density of 30%. The 
relative density is calculated as a function that depends on void ratio of the specimen and the maximum and 
minimum index void ratios for each sand-fines mixture.  
3. Sample preparation and tests 
The experimental test program can be divided into two components. The first aim is to determine the angle of 
internal friction and cohesion, the second aim is to determine the compression index. Moreover, certain basic tests 
are also conducted in this study. 
The diameter and height of the specimens were 7.1 cm and 15 cm, respectively, for static triaxial testing. The 
specimens were prepared using the wet tamping method. For sample preparation, dry sand and fines were mixed in 
the selected weight ratio. The dry mixture was first divided into five equal parts. To each part was added an amount 
of de-aired water and mixed into the wet mixture with an exact water content of 8%. Next, each part was set up in a 
mold covered by a rubber membrane and compacted to a given height. Finally, to make a good contact between the 
layers, the surface of each tamping layer was roughened to a depth of 5 mm using a knife. The same initial dry 
densities were maintained during test preparation. 
The specimen was subsequently saturated with flowing carbon dioxide CO2 for at least 30 minutes, and 
thereafter, de-aired water was allowed to flow through the specimen from the bottom to the top to ensure that the 
Skempton’s coefficient B was 0.95 or greater at the end of the saturation process. In this study, a backpressure of 
200 kPa was applied during the test to reach the saturation state. A confining pressure was applied to the specimens 
for the consolidation stage. During consolidation, the difference between the confining pressure and backpressure 
was set up such that the effective consolidation pressure was fixed at 100 kPa for each sample. 
Static triaxial testing was conducted in the consolidated-drained and consolidated-undrained stage. The test 
procedure used a static triaxial testing device (manufactured by ELE Co., United Kingdom) that was automatically 
controlled using hydraulic lifting equipment and collected measured data with a digital display monitor. Confining 
pressures of 50, 100, and 200 kPa were applied in all tests.  
4. Test results and discussions 
4.1. Compression characteristics 
The one-dimensional consolidation test was performed to determine the compression index Cc, which is also a 
key parameter in the design of engineering structures and evaluation of their performance. The three cases 
considered during testing were conducted with pressures of 25, 50, 100, 200, 400, 800 and 1600 kPa.  
Fig. 3 shows the compression index Cc obtained from the one-dimensional consolidation test. The results from 
type A reveal that as the fines content increases, the compression index increases, and the behavior of the material 
mixture is similar to that of loose sand. This result is in agreement with the previous study [3]. The result from type 
B showed that as the fines content increases, Cc increases to a peak compression index of 0.145 associated with a 
fines content of 20%, and thereafter, Cc decreases with further increases in fines content. This phenomenon of type 
B was thought to be tied to a fines content smaller than 20%, and although the higher relative density was obtained 
with the higher fines content, the structure was still dominated by sand, and the low plasticity of the higher fines 
content allowed the sand particles to easily move around each other during the loading process. Hence, the sand-
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fines mixture behaved similarly to loose sand. In contrast, for fines contents greater than 20%, the structure was 
mostly dominated by fines particles. The relative density increased remarkably with the increase in fines content, 
and the stiffness of the mixture was supported by the low plasticity fines; therefore, the mixture behaved as a dense 
sand. Similar to type A, the result of type C also expresses an increasing tendency in Cc with the increase in fines 
content.  
 
Fig. 3 Compression index with various fines contents for types A, B, and C. 
4.2. Results of static triaxial tests 
Fig. 4 presents the variation of the shear envelopes with different fines contents and with respect to the three 
cases of specimens considered in this study. The detailed results of consolidated drained (CD) and consolidated 
undrained (CU) triaxial tests (i.e., cohesion (c), internal friction angle (I), and critical state parameter (M)) are listed 
in Tables 2-3. It is interesting to note that the cohesion obtained in the CD and CU tests are line-fitting parameters. 
For example, sample 1 represents clean sand and a cohesionless soil, and based on the principle of Coulomb theory, 
it should have a cohesion c equal to 0.  
 
Table 2.  Test results in the consolidated drained shear triaxial test [6]. 
Type Sample 1 Sample 2 Sample 3 Sample 4 
c' (kPa) I'(0) M c' (kPa) I'(0) M c' (kPa) I'(0) M c' (kPa) I'(0) M 
A 0 41.21 1.69 6.8 38.38 1.57 10.3 33.43 1.35 15.3 27.38 1.09 
B 0 36.10 1.47 1.4 35.90 1.44 3.6 35.82 1.45 5.8 35.75 1.45 
C 0 42.47 1.74 1.3 40.63 1.66 10.3 33.42 1.35 -* -* -* 
*-: Results were not obtained due to weak sample.  
c': effective cohesion; I': effective friction angle 
 
Table 3 Test results in the consolidated undrained triaxial shear test [6] 
Type Sample 1 Sample 2 Sample 3 Sample 4 
cu (kPa) Iu (0) M cu (kPa) Iu (0) M cu (kPa) Iu (0) M cu (kPa) Iu (0) M 
A 0 15.48 0.59 1.9 13.37 0.52 1.6 11.67 0.43 1.5 5.99 0.22 
cu: total cohesion; Iu: total friction angle 
 
To investigate the relationship between static and dynamic properties of silty sand, the type A test was 
investigated in both consolidated drained and consolidated undrained triaxial shear testing. The results indicate that 
the shear parameters are significantly influenced by the fines content and testing conditions. For the consolidated 
drained test, the greater the fines content in the sand-fines mixture, the smaller the angle of internal friction 
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becomes, and thus the cohesion is greater. The main reason for this observation is that in the drained shear 
environment, the low-plastic fines particles not only mobilize the cohesive strength but also take advantage of the 
slipping between aggregate particles. In contrast, as the fines content increases, both the cohesion and internal 
friction angle decrease when the consolidated undrained triaxial test is conducted on type A. These behaviors most 
likely occur because the low-plastic particles are difficult to mobilize the cohesive strength in the mixture with the 
presence of pore water pressure; moreover, the low-plastic particles also contribute to the easy slip between the 
aggregate particles in the undrained shear environment.  
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Fig. 4 Shear stress versus confining pressure in the triaxial test: (a) Consolidated drained - Type A; (b) Consolidated drained - Type B; (c) Consolidated drained - Type C; (d) 
Consolidated undrained - Type A 
 
The critical state parameter (M) is also known as the slope of the deviator stress and mean strain. The behaviors 
of the soils are substantially affected by the critical state parameter, which can be obtained from the following 
equation (Wood, 1991): 
 I
I
sin3
sin6
 M            (1) 
where I is the angle of internal friction. 
To more clearly understand the critical state parameter, Fig. 5 expresses the M value of two samples, i.e., sample 
1 and sample 4, in the consolidated drained and consolidated undrained tests. The results listed in Tables 2-3 
combined with those of Fig. 5 demonstrate that the M value decreases with the increase in fines content. As shown 
in Figs. 5(c) and (d), the stress path increases to reach the peak value and continues to move towards the bottom left, 
which is not observed in Figs. 5 (a)-(b). The main reason for this observation is that in the consolidated undrained 
test, soil particles are not able to sustain the high deviator stress in the high pore water pressure condition, and the 
obtained result is a declining stress path tendency before reaching the failure stage. 
 
a b 
d c 
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Type A – consolidated drained, sample 1 
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Type A – consolidated drained, sample 4 
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Type A – consolidated undrained, sample 4 
Fig. 5 Critical state parameter for different type of soils (a) Type A – consolidated drained, sample 1; Type A – consolidated drained, sample 4; (c) Type A – 
consolidated undrained, sample 1; (d) Type A – consolidated undrained, sample 4 
5. Conclusions 
The effects of fines content on engineering properties of sand-fines mixtures were investigated in the current 
laboratory study. Based on the obtained results, the following conclusions were drawn: 
x The maximum and minimum void ratio reached minimum values with fines contents of 18% in the sand-
fines mixture. 
x  The one-dimensional consolidation test indicated that the behaviors of the material mixtures were similar to 
those of loose sand when the testing was conducted on constant-void-ratio and constant-relative-density 
specimens. However, with the same-peak-deviator-stress specimens, the behaviors of the material mixtures 
were similar to those of either loose sand or dense sand based on a fines content greater or smaller than 20%.  
x For the consolidated drained shear test, as the fines content increased, all parameters of deviator stress, 
volumetric strain, shear stress, internal friction angle, and cohesion increased. The critical state parameter 
(M) decreased for constant-void-ratio and constant-relative-density specimens and seemed stable with the 
same-peak-deviator-stress specimens. Moreover, as the fines content increased, type A also showed 
degradation in the cohesion, internal friction angle, and critical state in the consolidated undrained shear test. 
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